Aim: To present the aneurysmal dilatation of left atrium due to rheumatic mitral valve disease and its clinical consequences such as arrhythmic, thromboembolic and compressive manifestations. Introduction: Extreme enlargement of left atrium, usually referred to as giant, gigantic or aneurysmal dilatation is an uncommon finding with a reported incidence of 0.3% in rheumatic heart disease. It is an important clinical risk identifier to predict the outcome of cardiovascular disease. Case reports: Aneurysmal left atrium correlating with the length of pure mitral regurgitation jet in a 18-year-old girl, posterior mitral leaflet prolapse with regurgitation jet swirling around the entire interatrial septum in a 37-year-old male, Giant left atrium in mixed mitral valve disease in a 37-year-old female and a thrombosed giant left atrium resembling as "coconut" in a 50-year-old female were reported. Conclusion: Giant left atrium may be misinterpreted as right-sided pleural effusion, pericardial effusion and mediastinal tumor on X-ray chest and so echocardiographic evaluation is mandatory to exclude the aneurysmal left atrium in such conditions.
to the atrioventricular valve plane [1] . The left atrium functions as a reservoir, conduit, and pump to LV filling. During ventricular systole, the LA receives blood from pulmonary veins as a reservoir (40%), it distends for passive emptying as a conduit (35%) in early diastole, as a pump (25%) [2] by active contraction of atrial muscle in late diastole and mechanically accelerates the transition between the almost continuous flow through the pulmonary venous circulation and intermittent filling of LV. These LA phasic functions depend on LV diastolic relaxation, the reservoir and pump functions predominate in slow relaxation and the conduit function predominates in restrictive filling phases of cardiac cycle [3] .
In normal subjects, the left atrium is an ovoid-elliptical shaped chamber and tends to become more rounded when it is enlarged. LA enlargement is usually induced by pressure and/or volume overload, and various factors and cardiovascular diseases are associated with LA size [4] . The pressure overload is usually secondary to increased LA afterload due to mitral stenosis or LV dysfunction. LA volume overload resulting from mitral regurgitation, arteriovenous fistula, left to right shunt, or high cardiac output state. LA volume has been termed as "glycosylated hemoglobin" of diastolic dysfunction [5] and LA volume index < 29 ml/m 2 is proposed as a prerequisite to exclude HF (heart failure) with preserved systolic function [6] . The LA volume index <34 ml/m 2 indicates no LAE (left atrial enlargement); 34 -39 ml/m 2 is moderate; >39 ml/m 2 is severe [7] and >140 ml/m 2 is proposed as "giant left atrium". The normal values of LA size and its enlargement are shown in Table 1 .
LA enlargement is a common feature of rheumatic mitral valve disease. Giant left atrium (size > 6 cm in diameter [8] ) is a rare condition associated with rheumatic mitral valve regurgitation or mixed mitral disease with predominant regurgitation, huge thrombus formation [9] and so these cases had been reported. 
Case Reports

Discussion
Review of Literature
In 1849, Hewett was the first to describe the giant left atrium in autopsy series of mitral valve disease [11] . When LA enlarges, it moves rightward and Hurst described the giant left atrium as one that touches the right lateral thoracic wall (giant left atrial syndrome) in chest X-ray and it is almost always caused by rheumatic mitral valve disease [12] with predominant mitral regurgitation than mitral stenosis and atrial fibrillation is mostly present in this condition. In 1984,
Piccoli, et al. consider giant left atrium when the cardio-thoracic ratio in the chest X-ray is >0.7 in addition to a left atrial anteroposterior diameter of >8 cm in transthoracic echocardiography [13] . Massive dilatation of the left atrium occurs in all directions, may reach both chest walls as in Figure 15 and particularly to the right and sometimes to the left as in Figure 3 and Figure 9 [14] . Giant LA is rarely observed in non-rheumatic mitral valve involvement and it does not sided pleural effusion and punctured [19] , the postmortem examination revealed a severely enlarged left atrium occupying the entire thoracic cavity and this is the first published case of "giant left atrium", a term that was introduced by Fisher et al. [20] in 1956. Schwartzman et al. performed a CT-guided biopsy in a giant left atrium believing it to be a malignant mass [21] . There is no definition of a giant left atrium based on LA volume and an anteroposterior atrial diameter > 65 mm as "giant left atrium", corresponding to 1.6 times the normal value (<40 mm) [22] . In clinical practice, the severely enlarged and anatomically distorted left atrium, making it difficult to find a correct angle for an adequate measurement as in Figure 17 and the cut off's are arbitrary whether an atrium is severely dilated or giant.
Pathogenesis
Left atrial dilatation may be congenital or acquired. The congenital aneurysmal dilatation of left atrium most frequently involves the left atrial appendage, rarely affects the body of left atrium [23] and it may be caused by congenital dysplasia of musculi pectinati and LA muscle bundles related to them [24] . Congenital weakness of the atrium results in local dilation gradually increases in size and their walls may be composed of hypertrophied myocardium or fibrous tissue [25] . If the aneurysmal wall protruding from the LA has normal myocytes, it is termed as LA diverticulum [26] .
Massive enlargement of left atrium is usually associated with an acquired cause of long-standing rheumatic mitral valve disease and its exact etiology is not fully understood. Rheumatic pancarditis damages the entire heart by causing chronic inflammation and weakening its tissues, including the left atrial wall that then dilates more easily. Occasionally, the left atrium can reach extreme sizes even under normal mitral valve function in both adults and children [27] . Histologically, the atrial wall of giant left atrium does not usually reveal Aschoff bodies (perivascular fibrinoid necrosis in the myocardium), but the fibrosis and chronic inflammatory changes are mostly present.
In mitral regurgitation, the left atrial size is proportionately related to compliance and the dilated left atrium compensates for increased stress by an initial increase in compliance. This reservoir effect of a large left atrium is beneficial to protect the lungs from pulmonary hypertension and edema [28] [29] . Increased left atrial and pulmonary pressures, in case of very large left atrium (>60 mm)
provide the substrate as a structural precursor of atrial fibrillation [30] [31] which contributes further atrial dilation in mitral valve disease [32] . The dilated atrium requires more energy to pump blood and lose its elastic properties due to myocarditis, succumbs to deformational change, limiting Laplace's law application in chronic mitral regurgitation and becomes larger with an increase in LA volume. For an LA diameter of 6 cm, the estimated volume of atrium exceeds 300 ml [33] . and makes a "4-bump" left heart borderas in Figure 3 and Figure 9 that includes the aortic knob, main pulmonary artery, left atrial appendage, and the left border of left ventricle. The LA size is larger in men than women [41] and in mitral stenosis, the body of left atrium is larger than normal and it never produces a giant left atrium, but giant left atrium with rheumatic mitral stenosis was reported and it may be associated with massive thrombus formation as shown in 
Echocardiographic Features
Echocardiography is an excellent, non-invasive technique for obtaining anatomical measurements and it is universally accepted to assess the left atrial size [42] , comparable to angiography. Since the left atrium is not a symmetrically shaped Cross sectional echocardiography is superior to M-mode echocardiography for measuring left atrial size [46] [47] and it allows the visualization of entire left atrium from different views [48] . The presence and extent of chamber dilatation could not be predicted by the use of a single dimension. In normal subjects, the SI (superior-inferior) dimension being the major axis and the ML (medial-lateral), AP (anteroposterior) dimensions are the minor axes, and the SI dimension is usually the largest among the left atrial diameters and it should include the measurements of all three dimensions to determine the presence and to measure the degree of LA dilatation.
The extreme dilatation of the left atrium is probably related to the jet of regurgitation (or insufficiency), a finding common to all as shown in Figure 12 , the jet occupies the entire left atrium as in Figure 13 and a holosystolic pattern in color M-mode echocardiography as shown in Figure 14 .
The balloon-like enlargement of the left atrium which occupied the whole of the posterior, right and left mediastinum and the rest of the heart looks like a "crown on a cushion" as shown in Figure 17 and Figure 18 in mixed mitral valve disease (both stenosis and regurgitation) as in Figure 19 and Figure 20 . [56] into sinus rhythm due to the fibrotic and calcified degeneration of left atrial myocardium. Early cardioversion is avoided in presence of LA thrombus and appropriate anticoagulant therapy is instituted for 6 to 12 weeks and interventional treatments such as PTMC (percutaneous trnsluminal mitral commissurotomy) and CMC (closed mitral commissurotomy) are adopted only after reevaluation by echo. The incidence of LA thrombus among patients with mitral stenosis and atrial fibrillation varies from 7% -38% and it is directly related to the size of left atrium [57] , but not all patients with giant left atrium have an associated thrombus formation [58] , the thrombus size also varies and this diversity may be due to local factors within the left atrium as shown in Table 2 .
Profuse, dense SEC (spontaneous echo contrast) with its swirling pattern of increased echogenicity was shown in Movie in Figure 26 and sometimes, it becomes impossible to differentiate dense SEC from the underlying thrombus. A patient with giant left atrium due to rheumatic mitral valve disease with SEC was reported in 2012 [59] .
The LA calcification, originally described in 1898 and the first presentation of LA calcification was made by Oppenheimer in 1912 [60] . It is an uncommon complication of long-standing rheumatic valve disease and if heavy calcification was observed in the LA appendage, atrial free wall and the mitral valve apparatus with sparing of interatrial septum, it is termed as "porcelain atrium" [61] . Involvement of dense calcification to the interatrial septum as transmural calcification of entire left atrium is called as "coconut atrium" [66] and calcification of left atrium with pulmonary veins is called as "mold-like" calcification [67] . LA calcification is described as a high density ring encircling the left atrium on chest-X-ray and Harthome et al. [68] described its appearance as a C-shaped curvilinear density with the opening of the C lying anteriorly in the region of the mitral annulus. This condition is assumed to the end result of extensive rheumatic pancarditis and a classification scheme was proposed for LA calcification [69] as shown in Table 3 and the pathophysiological mechanism of LA calcification was shown in Table 4 .
Massive calcification of left atrium, predominantly affects the woman (74%) and it took an average duration of 19.7 years (17 -20 years) to become manifest in rheumatic mitral stenosis and resembled a coconut shell [70] . The term "coconut atrium" is misnomer to describe this condition and a complete opacification of giant left atrium with dense SEC seen as thrombus as shown in Figure   24 , resembling a "coconut" as in Figure 25 and this condition is better termed as "coconut atrium" appropriately. Paraneoplastic (due to altered intravascular coagulation related to carcinoma breast [64] or lung [65] )
Rhythm changes (atrial fibrillation or atrial flutter) ranging between 2.5 and 3.5. Anticoagulants alone seem to be safe approach to reduce thrombosis [71] . However, such medications are not ideal for early use since several days are usually required to achieve the therapeutic INR. The response of an organized thrombus to an anticoagulant therapy may be unpredictable. The thrombus dissolves partially, the shed fragments results in embolization during therapy and the severed thrombus may block the mitral orifice and causes sudden death [72] [73] . Despite anticoagulation with a direct thrombin inhibitor, the oral dabigatran, thrombus occurred in rheumatic mitral stenosis with atrial fibrillation [74] . The non-vitamin K antagonist oral anticoagulants (NOAC)-rivaroxaban are effective alternative to warfarin for resolving thrombus in the left atrium in patients with atrial fibrillation [77] and the reported resolution rate by using vitamin K antagonist is 50% -90%. Warfarin is often used for the prevention of thromboembolism in non-valvular atrial fibrillation, and anticoagulation with INR (international normalized ratio) ≥2 will reduce the occurrence of ischemic stroke and in-hospital mortality [78] .
Thrombolytic therapy is another option for treating the LA thrombus [79] and shown to be effective in patients with mitral prosthesis with thrombosis [80] . The effectiveness and risk of thrombolytics for an organized or partially organized thrombus or thrombi of long duration is not known clinically. Fragment shedding after resolution and detachment of a large LA thrombus if the stalk was dissolved first could occur after thrombolytic therapy. Before the initiation of thrombolytic therapy, echo characteristics of the thrombus must be carefully analyzed and a fresh, unorganized thrombus appears as homogenous, soft and mobile. A rebound thrombosis after discontinuing anticoagulant therapy was reported by Kadoi et al. [81] . Therefore, maintaining sufficient anticoagulation was crucial following thrombolytic therapy for LA thrombus.
Surgical Therapy
The aim of surgery in giant left atrium is to correct the mitral valve abnormalities, to treat compressive manifestations, to prevent thromboembolism and to revert atrial fibrillation into normal sinus rhythm [82] .
Mitral Valve Surgery
Two strategies had been applied as mitral valve surgery alone or mitral valve surgery with LA volume reduction. Some surgeons believe that the effect of rheumatic process on left atrial elastic fibers is irreversible, hence they tend to go only for mitral valve surgery without LA reduction and successful mitral valve surgery alone will result in decrease in LA size, volume and LA pressure. The Mercedes-plasty of the inferior wall a procedure described by Dzemeshkevich et al. [83] , combined GLA (giant left atrium)-plasty with preservation of mitral valve apparatus during MVR (mitral valve replacement) in which the inferior wall of left atrium between the four ostia of pulmonary veins is plicated.
Triangular resection of the inferior wall was described by Sinatra et al. [84] with an advantage to interrupt the wavelets circuits around the pulmonary veins as a beneficial effect of inhibiting the propagation of atrial fibrillation foci.
b) Partial plication or resection of both inferior and superior atrial walls [85] . After the incisions are made, the atrium is sewn together to allow it to hold blood and contract to push blood into the ventricle. Normal sinus rhythm had been reported to range from 67% to 98% [89] and the efficacy of Maze procedure in restoration of atrial contraction in giant left atrium and in those without it are compared after one year follow-up as normal sinus rhythm in ECG was 53% and 75%, regaining atrial contraction as appearance of A wave in pulsed Doppler with a peak velocity of at least 0.10 m/s was 20% and 50% respectively.
The bigger the left atrium, the lower is the percent of restoration of sinus rhythm. More than 90% of patients with a preoperative LA size < 57.8 mm regained sinus rhythm by Maze procedure postoperatively [90] and when the LA diameter was <45 mm, atrial fibrillation was ablated in 100% of patients [91] , but when the diameter was >85 mm, the success rate was 0% [92] . Under these circumstances, the residual organized material can be left. Lim and
Colleagues suggested the use of autologous pericardial patch to cover these areas to avoid future thrombus formation [94] .
Calcification of left atrial wall constitutes a major complication and risk to mitral valve surgery due to difficulty in entering the left atrium. Massive calcification of LA wall can cause recurrent thrombosis despite the therapeutic anticoagulant level following a surgical thrombectomy [95] . LA calcification was progressed after mitral valve replacement despite there was no definite LA wall calcification at the time of surgery and it was due to previously formed rheumatic ulceration of the atrial wall as the origin of calcification and its progression.
Roberts et al. [96] reported that calcific deposits prevented the left atrium from dilating, decreased its compliance, and caused the elevated LA pressure to be transmitted to the pulmonary vessels and the right ventricle, leading to tricuspid insufficiency. Thus, if patients who had rheumatic heart disease and underwent mitral valve replacement, suffer right heart failure, extensive LA calcification should be considered.
Surgery should be considered as one option of the treatment for atrial calcification [97] . The accepted surgical treatment of LA calcification is a total endoatriectomy with mitral valve replacement. The interatrial septum serves as the surgical cleavage plane, since this area is noncalcified and is therefore exploited in order to prevent embolization and hemorrhage when a thrombus is present, but it is difficult to suture the calcified structures. The presence of coconut atrium (calcified interatrial wall) will significantly complicate surgery and increases the mortality. Mitral annular calcification may progress to liquefaction necrosis, referred to as "caseous necrosis" which can make mitral valve surgery very difficult [98] . Calcification of interatrial septum and caseous necrosis of mitral annulus could be potential contraindications to mitral valve surgery.
Dense calcification of atrial wall can prevent visualization of the interior of the chamber so that intracavitary thrombus and the septum cannot be seen [99] . If there is evidence of complete transmural calcification, i.e., septum cannot be visualized by TEE (transesophageal echocardiography) and appears to be calcific by CT (computed tomography), suspect "coconut atrium" and it is impossible to incise. In such cases, the calcified endothelium on the atrial septum and the free wall of the left atrium was pealed off (endoatriectomy) and the rim of interatrial wall was reconstructed and closed with a bovine pericardium. Redo MVR was performed with endoatriectomy upon transeptal superior approach [100] .
Outcome
A report of De Sanctis, who consider patients with GLA (giant left atrium) to have a relatively benign course even when not operated upon [101] and in rare cases, the patients may remain asymptomatic. No attempt was made to diminish the size of the left atrium by plication or excision as advocated by Johnson [102] or Le Roux [103] . There does not seem to be sufficient evidence that this procedure is of benefit. Morbidity of GLA comes from compression of intracardiac and adjacent extracardiac structures. Tamura et al. [104] 
Conclusion
Long-standing mitral valve disease is associated with enlargement of left atrium as a compensatory mechanism with a reported incidence of 19%. Giant left atrium is seen in only 3% -4% of patients and such a low incidence is probably related to an early development of pulmonary hypertension, its subsequent effect on right ventricular output, the pressure and volume overload in the left atrium are reduced. A giant thrombosed left atrium resembling as a "coconut" as in Figure 24 , the largest one reported in the literature as in Figure 23 , was found by 2D transthoracic echocardiography at this hospital in India.
